We prospectively collected demographic and clinical data on paediatric medical patients admitted to the PICU of Sabah Women's and Children's Hospital in Kota Kinabalu, Sabah, Malaysia. The PIM2 risk score for mortality was tabulated.
I NTRO D U C TIO N
Mortality risk prediction in the paediatric intensive care unit (PICU) is an important tool for auditing provision of care and evaluating outcomes. Although risk predictors of mortality identify risk factors present at the time of entry into intensive care, unique geographic, socioeconomic and genetic factors may potentially influence patient outcomes. Our PICU in Sabah, on the island of Borneo, Malaysia, caters to a large paediatric population of nearly one million children. The local population mainly consists of indigenous ethnic groups (53%), among whom the Kadazan (18%) and Bajau (14%) people are predominant.
There are also people of Chinese (10%) and Malay (6%) descent, as well as non-citizens, largely immigrants from the Southern Philippines and Indonesia, who make up 870,000 (28%) of the 3.1 million population in Sabah. (1) There may be innate differences influencing patient outcomes in Malaysian children compared to children of the immigrant population, whose parents are blue-collar workers from poorer socioeconomic backgrounds and are likely exposed to malnutrition and overcrowding.
Although many Malaysian PICUs use mortality risk prediction scores, no published study has yet documented how
Malaysian PICU outcomes benchmark against these scores. The primary aim of our study was to benchmark our hospital's PICU outcomes against the Pediatric Index of Mortality 2 (PIM2) (2) mortality risk prediction score. The secondary aim was to evaluate differences in diagnoses on admission and outcomes between
Malaysian and non-Malaysian children.
The PIM2 score (2) was preferred, as it is more readily available for use compared to the proprietary Pediatric Risk of Mortality III (PRISM III) score. (3) A recent comparative study from Hong Kong showed similar risk prediction of mortality using these two models, thus validating the usefulness of both scores in an East Asian population. 
M E TH O DS

R E SU LT S
Among the 269 patients admitted to the PICU during the study period, 131 were critically ill and satisfied the inclusion criteria. A total of 16 patients with incomplete data for PIM2 analysis were excluded, leaving a cohort of 115 patients in the final analysis. Table II presents the demographic characteristics and comorbidities of the patients. The mean age of the patients was 2.6 ± 3.8 (range 0.1-14.1) years, with a male-to-female ratio of 1.0 to 1.7. In all, 91 (79.1%) children were aged < 5 years.
The biggest ethnic groups were Kadazan (n = 44, 38.2%) and Bajau (n = 34, 29.5%), while 30 (26.1%) children were noncitizens. Comorbidities were observed in 40 (34.7%) children, the most common being congenital heart disease (n = 9, 7.8%), NICU graduates with chronic lung disease (n = 6, 5.2%) and malignancy (n = 5, 4.3%). The average length of stay in the PICU was 8.2 ± 11.8 (range 1-75) days. Most children (n = 103, 89.5%) received assisted mechanical ventilation over a mean duration of 5.7 ± 7.0 (range 1-53) days.
Admission diagnosis was significantly different between
Malaysian and non-Malaysian children (p = 0.01; Table III ).
Respiratory disorders (27.1%), neurological disorders (primarily neurological infections; 22.3%) and infectious diseases (16.5%) (Table III) . Other important causes of death (based on the organ systems affected) among Malaysian children were septicaemia (21.7%), haematological malignancy (17.4%), neurological infections (13.0%), and cardiovascular conditions such as congenital heart disease, myocarditis and chronic rheumatic heart disease (13.0%).
SMRs were calculated for PIM2 risk scores with respect to age group and diagnosis on admission (Table IV) 
D I SCU S S IO N
PIM2 and PRISM III are validated mortality risk prediction models widely used in developed and developing nations. (2, (4) (5) (6) (7) (8) Our study benchmarked well against the PIM2 score, with the SMRs in all patient groups not significantly different from 1.00.
These risk prediction models were also used in two East Asian studies, thereby validating its use in this patient population. 
Table V compares various studies on patient admissions to PICUs in developed and developing countries based on the diagnoses (excluding neonates, and trauma and postoperative patients) (2, 4, 5, 7, (9) (10) (11) (12) Children with cardiac disorders, which include cardiac surgical and transplant patients, form the largest group by admission diagnosis in paediatric ICUs in high-income nations (13) -the United Kingdom, Australia and New Zealand (36%-51%). (2, 5) Admission diagnosis in our study population is comparable to those of other middle-income nations (14) such as South Africa, India, Spain and Argentina, where respiratory (32%-52%), central nervous system (CNS) and cardiac disorders, and septicaemia predominate (p = 0.87). (4, 6, 7, 10) Our hospital caters to a mainly rural and resource-limited population in North Borneo, Malaysia. (14) The study by Goh et al (9) from University Malaya Medical Centre, Kuala Lumpur, 
The high incidence of neurological infections in our study is remarkable given that the cohort of patients in the 1999 study by Goh et al (9) were not immunised against Haemophilus influenzae type b (Hib), previously a leading cause of bacterial meningitis in Malaysia. (15) The national average for Hib immunisation coverage in Malaysia in 2009-2010 was 95%, thus conferring herd immunity in our cohort of children. (16) Rates of bacterial meningitis in children have been shown to reduce dramatically in countries with a comprehensive Hib vaccination programme. (17) However, incidence data on childhood CNS infections in Malaysia after Hib vaccination is not available.
The leading infectious aetiologies identified in our patients with CNS infections were Streptococcus pneumoniae and Japanese encephalitis virus. A 1997 study (11) from urban Singapore, a neighbouring country, reported a similar spectrum of diagnoses among 205 medical patients, with the most common being respiratory (30%) and neurological (20%) disorders (Table V) .
Non-Malaysian patients accounted for 26% of all admissions to our PICU. Although non-Malaysian children were more likely to have respiratory disorders (p = 0.01) and lack comorbidities Mortality risk prediction scores such as PIM2 and PRISM serve as a constant audit of service provision and are useful for tracking improvements in healthcare delivery. (19) This data also contributes to management decisions pertaining to the distribution of national healthcare resources and manpower planning. Our study confirms that the PIM2 mortality risk score is a useful indicator of the quality of PICU care in Malaysian hospitals. The PICU at Sabah Women's and Children's Hospital serving a rural population manages more children with neurological and respiratory disorders than hospitals in urban Malaysia. Infants with comorbidities were found to tend to have worse outcomes than those without comorbidities.
